In recent years, genome-wide analyses using high-throughput sequencing (HTS) technologies, 4 9 1 0 7
These highly conserved domains define protein functions and classifies protein-coding genes 1 0 8 into gene families. The conserved signature protein domains have the ability to detect the 1 0 9 divergent or distantly related homologs which would be prohibitive with sequence based 1 1 0 similarity analysis tools [e.g. BLAST (Altschul et al., 1997) ]. Therefore, domain-based search 1 1 1 method would identify more genes belonging to gene families than BLAST-based homology To identify and classify gene families in plants, we have leveraged the publicly available 1 1 5 genomic resources at Phytozome (v12) database. The protein sequences of sixty plant genomes 1 1 6 were used to identify conserved protein domains to assign families to known and unclassified or 1 1 7 novel genes. The respective protein domains were predicted by HMMER (v3.1b2) using a 2019). We have established rules to classify and assign the genes to gene families based on the 1 2 0 presence of signature conserved protein domains and have provided in Supplementary Table   1 2 1 S1. This approach allowed us to maximize classification including orphan genes with missing 1 2 2 annotations, genes with incorrect annotations, and novel genes present among the respective 1 2 3 genome databases. Lastly, the background databases were curated to remove redundancy and 1 2 4 duplication of gene members among families. In summary, we were able to integrate 384 1 2 5 representative gene families and corresponding (on an average ~41%) genes from sixty plant 1 2 6 genomes into our database ( Supplementary Table S2 ). This is a the most comprehensive and All the gene family data was formatted using the PostgreSQL database to perform classification the GenFam website (http://mandadilab.webfactional.com/home/dload/ ). Detailed statistics for 1 4 0 the number of genes assigned to each gene family and the total number of background genes are 1 4 1 provided in Supplementary Table S2 . types of gene IDs for the analysis. For example, for rice, it accepts gene (e.g.,
LOC_Os01g06882) and transcript (e.g., LOC_Os01g06882.1) IDs from parent database such as 1 5 1 the Rice Genome Annotation Project (http://rice.plantbiology.msu.edu/). Additionally, GenFam 1 5 2 also accepts Phytozome PAC IDs for a given gene (e.g., 24120792 for LOC_Os01g06882), GenFam classifies and identifies specific gene families and members that are overrepresented in 1 5 7 the input gene list. Even though there is no defined standard for choosing a reference background, it is ideal to 1 6 0 select a background that will increase coverage (or intersection) with an input gene list, as well Table S3 ). GenFam can employ standard statistical tests such as the Fisher exact, Chi-Square (χ 2 ), Binomial 1 7 1 distribution and Hypergeometric tests for enrichment, along with multiple testing corrections to 1 7 2 control a false discovery. We recommend using Fisher exact, Chi-square (χ 2 ) and for larger datasets (Khatri and Draghici, 2005; Zheng and Wang, 2008) . Furthermore, the Chi- proportion of observed data, instead of a value of a test statistic to estimate the probability of 1 7 8 genes of interest corresponding to a specific category. correction methods can be customized by the user as appropriate. A snapshot of the analysis page and workflow is shown in Figure 1 . Users have the option to 1 8 9 either use the default settings or select desired statistical parameters. The analysis page also 1 9 0 guides the users to select gene IDs that are acceptable in GenFam (Figure 1) . Users are directed 1 9 1 to the results after analysis is completed (Figure 1) . The results of GenFam analysis are 1 9 2 displayed as summary table (HTML) and graphical chart plotted using the -log 10 (P-Value) 1 9 3 scores. Higher the -log 10 (P-Value) value, greater the confidence in enrichment of the gene family 1 9 4 ( Figure 2) . The enriched and non-enriched gene family results can also be downloaded as 1 9 5 tabular files, with further details of associated P-value and FDR statistics, gene family size, gene 1 9 6
IDs and GO terms. Along with enrichment results for the gene families, GenFam also provides information related 1 9 9
to GO terms in biological process, molecular function and cellular component categories Families"). The GenFam web server is implemented using Python 3 (https://www.python.org/), Django 2 1 0 1.11.7 (https://www.djangoproject.com/) and PostgreSQL (https://www.postgresql.org/) 2 1 1 database. All the codes for data formatting and statistical analysis are implemented using Python 2 1 2 scripting language. Python is a fully-fledged programming language which offers well developed 2 1 3 packages for statistical analysis, graphics and integration with web apps. Therefore, we have To demonstrate the utility of GenFam, we performed four case studies using transcriptome 2 2 8 datasets related to plants from different clades and families (cotton, tomato, soybean and rice) (Bedre et al., 2015; Dametto et al., 2015; Zeng et al., 2017; Cui et al., 2018) . We have previously 2 3 0 identified 662 differentially expressed genes in cotton (Gossipium raimondii, family Malvaceae) 2 3 1 infected with Aspergillus flavus (Bedre et al., 2015) . For the first case study, we used GenFam to 2 3 2 determine the enriched gene families among these differentially expressed genes, using the 2 3 3 options of Fisher exact test for statistical enrichment, and the Benjamini-Hochberg (Benjamini   2  3  4 and Hochberg, 1995) method to control false discovery rate (FDR). Among the 662 genes, 514 families such as bHLH, GH3, glycosyltransferases and thaumatin that were not reported or 2 4 2 identified (Figures 1 and 2; Supplementary Table S3 ). In the second case study, we analyzed aldehyde dehydrogenase (ADH), kinesins, glycosyltransferases, tubulin, phenylalanine ammonia 2 5 2 lyase (PAL) and thaumatin that were not reported or identified ( Supplementary Table S4 ).
